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On the strnctore and development of the lemon. 


1 


L. S. KOSS. 


(WITH PLATE XVI.) 


The mature lemon has its own characteristic lemon color; 
it is oval in outline and varies in size. The rind is rough, 
thick and leathery, and atYords much protection to the seed 
and pulp within. By looking closely at the rind, small dark 
specks maybe seen which indicate the position of oil glands. 

suddenly 



It a piece ot the peel be bent or crushed together sui 
near a flame, the oil will be forced out in minute quantities 
and will burn with a beautiful flame. If a cross section of 
the lemon be made, it will at once be seen that narrow white 
bands pass trom the rind to a central spongy mass forming 
trom seven or eight to eleven or twelve isosceles triangles 
whose apices are toward the center of the fruit. The white 
bands are the cut edges ol walls extending through the en¬ 
tire length ot the fruit dividing it into chambers or loculi 
w hich contain the seeds and pulp. Near the bases of the 
tiiangles their common walls divide, one division going to 
foim the base ot one triangle, while the other division pm 
in an opposite direction to form the base of the adjoining tri¬ 
angle. When a lemon or an orange is “ quartered the 
me of division begins at the angle where the wall between 
t ie loculi divides and passes along the center of the v ' a 
lowing that it is double. The loculi are seen to be file 
j P u lp mass which can be separated into man} 

c ubs, some space is generally occupied by the seeds, 11 
by mr the greater part by the pulp. The pulp clubs have a 

\ ery elicate straw r color and are semi-transparent ; 

s lape and size varies according to their position in 

fL C ?’ US * T he -X are a ^ attached to the back ot the locu llS 
a is to the side ot the loculus next the rind, hence t 0- 

ymg toward the center of the fruit are longer than tin* 

lying nearer the rind. The long clubs are usually syffl®* 

and con sist ot a tapering body with a long attenuate 

for nS ttachnJent - Those nearer the rind have shd ; 

’ seeds av 


'S 



tht 



stalks. The duhs Z t • . 

._ e ciuDs th at come in contact with 

carried on d urhie *t he f s nrinl V6 fVflr. r . es u ' t8 of studies on the lemon, 1 

Illinois. The illLtrati™. IL° f 1890 \ a Pr °fessor Burrill’s laboratory at the Uni 

thanks tn xir r» nr r*." . ® WGf€ m&(l£ from nfttnrcv hv t.lvo an thor. I 
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quire any shape 
the seed: 


to conform to the outline oi 


necessary 

also those near the extremities of the loculi are 



irregular in shape. On crushing the pulp the acid juice is 
forced out; and it will be noticed that the clubs near either ex- 
tremity are sometimes harder than those nearer the center 
do not contain as much juice. The cross section may 
lay bare the seeds growing from the inner angles of the lo¬ 
culi and imbedded among the pulp. Sometimes only abor¬ 
tive seeds are found, or sometimes abortive and developed. 
In the center ot the section will be seen a white, spongy circu¬ 
lar mass whose perimeter is formed by the lines ot the inner 
tounded angles of the loculi. These lines are curved in such 
a way that their convexities are turned toward the center 
of the circle. Here the same division ot the walls ot the lo¬ 
culi will be noticed as at the back. Bv looking closely sev- 
eial spots may be discovered in the spongy center near the 
perimeter, one ©ecu ring at each angle formed bv the curved 

lines of the peri meter 

The rind is ot the lemon color about one-third ot its thick¬ 
ness, the other two-thirds being white. The large, dark oil 
g ands are quite conspicuous, extending even inside the yel- 
o\v part into the white part of the rind. By looking care- 
u ly, many small, dark specks mav be distinguished distrib¬ 
uted through the white rind. One speck may be found at 
t e center of the back of each loculus and also one in the 
angle at the juncture of any two loculi. 

Hie cross section of the mature lemon presents a radia 

arrangement like the wheel of a wagon: the center spong\ 


e 


the tilling 

For the illustration ot the cross section ot 


mass being the hub, the white part of the rind representing 

e felloes, the yellow part the tire, and the walls ot the 0- 
c u 1 the spokes, while the wheel is made solid by 

j" Pulp ciubs. 

1 e mature lemon, see fig. 1. 

n the very young lemon the style is the most prominent 

P a, t: it is not much less in diameter than the ovary and is tw o 

ree times as long, with the upper end slightly enlargec. 
‘ L " ■ • & in diameter the 

shape 

The color is yet dark green 


st 1 r j le * ri1 ^ become about 4 or 5 mm 

H? ^ urops off and the fruit assumes the 

thI°| U ^ & rowt h to maturity, 
iemon coloi 


it retain^ 


e» 

A cross 


I not being attained until maturity. 

Ion °1 a fruit 2 mm. in diameter shows the loculi a ietl } 


present but without the pulp clubs. The rind and tne 
e ocu Ii are relatively very much thicker and the so i 


The rind and the w alls 


en ter column much larger than in the mature fruit. 


At a 
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later stage the ovules are present in the loculi as c 
protuberances arising from their inner angles as i 
in tig. 2. The loculi are relatively larger tl 


o 

larger 


club-shaped 
epresented 

than in the 

younger stage. 

o o # * c 

If a microscopical examination of the cross section ol tn 
mature lemon be now made, the rind is seen to be made up ot 
cells of various shapes and sizes. The epidermis is a 
thin layer in which the cells are thin-walled, empty and 
colorless: these cells are small in size and rectangular 


in 


shape. 


Next to the epidermis 



a layer ot 

containing 

The 



thin - walled palisade cells, then follow 
chromatophores, some partially tilled, others 

oil glands are located in the yellow part ot the rind, some 
times extending into the white. They are large struc¬ 
tures visible to the naked eve; their walls are compose 


the 


ot thin-walled rectangular cells so arranged as to jp ve 

a circular or oval shape when seen in ou- 

| of the rind. 

with elon- 


glands 


lir e. Inside the colored is the white portion 
which is made up of loose spongy parenchyma 
gated cells. The small specks mentioned as being visib e 
without the microscope will be saen to be fibro-vasculai bun 
dies, some of which are found to extend through the lengt 
of the lemon, while others form a net-work with the pnnci 
pal bundles and one another. A large bundle is seen att e 
center of the back of each loculus, and one also at the ange 
between any two loculi. The other smaller bundles arc 
found sometimes with a rather regular arrangement. fdo , 
ers, apparently scattered promiscuously throughout the nn 
(see fig. 1). Some sections lav bare bundles lying at ng, 
angles with the long axis of the lemon. The specks notice 
in the center column are seen to be fibro-vasculai bum 


fii vviuuiu <11 x: Matrix iu Utr nuiu-vti^uu* 

also. The center column is composed of large-celled, spo% 

■ttjj^HThe dissepiments betw r een the loculi areco 


or 


parenchyma. ..^ 

posed of spongy tissue with tougher thicker-walled tissue* 

eit ler side. The pulp clubs are of a very delicate strttC 
e vvall is composed ot elongated narrow cells paralls ^4 
the long axis of the club (fig “ ‘ 


club is divided into large very thin-walled cells. 

tain iHa /c- . . . . 


of tb‘ 


The inner part 

__ whicft aB i 

tain the juice (fig. 4). The tissue forming the wall °* 
mo \ ,S a n ° tt % r °wth from the thickened cells of the dis^P 

n \\a s, while the inner juice cells are a continuation 

ie spongy parenchyma at the back of the loculi- 

Je ' n ' ,v lurn to the development and inquire " 1 
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alliiiese structures and what is their derivation. It ha 0 
been known that flowers and fruits are produced from whorls 
of especially developed leaves. Let us compare a mature 
leaf with one of the loc.uli, and note the similarities (figs. 
5 ari( l 6). In the leal a large midvein extends through the 

L _ T ^ 1 * 1 4 mm r — * * m * . * 


wnoie length, gradually tapering from the base toward the tip. 
A very small irregular marginal vein is seen, and a short space 
inward trom the marginal vein and connected with it at va- 

hand magnifier is 



nous places, is a submarginal vein, 
needed to make out the marginal vein in the leal. From the 
nudvein other veins pass obliquely toward the margin ; trom 
these again minute branches pass off* forming a close 
work ot veins. Now let us examine a loculus. Along the 
center of the back is a large fibro-vascular bundle slowly 





* U 




ar to 




ring toward the tips. With this bundle many others are 
connected, which form a network over the back of the locu- 

mrk of veins on the back of the leal, 
meshes termed by the bundles are larger toward the 
ct>e of the loculus than at and beyond the center. It will he 
j? en , a side view of a loculus (fig. 7) that a large bun¬ 
dle passing along its inner angle through the center column 
Curves about the end ot the loculus and passes back along 
Le upper lateral angle to the end from which it started. 

bundle previously mentioned in tee 

as being seen at the angle between am 

y way in which I can account toi this 

--W..VWV, and it ' peculiar shape, is that it is toi 

J marginal and submarginal veins of the leaf. As has 

been noticed, there are several points >f 

vein 

)S 



s is 




1 


01 the cross 








veen 







so that by the development 

them, at or below the place where the style 






of 



e 


us. 



the required curve is made and the bundle receives its 
s tape. One tact favoring 1 this supposition is that the 
clubs are rw - ttached to the side walls but to the back c 

great development of the space between t le 

and submarg inal veins ot the leal necessary to form 

region. Another tavoia e 

fruit before the pi>til 



l t ■ j v i V xZ i 1 1 r* \Ji 

^. e S1<ae °f the loculus would not be 

the leaf hairs of that 




fact is 
has 



a 




n. 



O' 




at 


curved about the 






o-v 





section ot a 
ight pi; 
s at a very s 

■■HHH m 


vvs 


hort 


the bundle al- 




v es "'ith the large mid bundle 
*us passing from the larger veins to 



rind at rig 

small 



the surface ot the leaf. 
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The bundles appear when the fruit is first formed, and change 
their relative position somewhat as development progresses 
The loculi vary in number in different lemons : some speci¬ 
mens having seven or eight and others as many as eleven or 
twelve. Each loculus represents a carpellarv leaf. The 
leaf is folded with the upper surface inward toward the axis, 
The margins are again folded where they meet and project 
a short distance away from the axis about which the car- 
pellary leaves are gathered. These infolded margins form 
the placenta* upon which the ovules are borne. The ovules 
appear at a very early stage of development. The nucleus 
is first seen toward the top, but it afterwards grows towards 
the base. Two rows are in each loculus, one upon either 


T — ^ ^ v* • * * w v* * w»w m v « — r- — 

margin of the carpellarv leaf. Often only one ovule de¬ 
velops, sometimes neither; for this cause the number of 

_ _ fruit. 

4 mm. in diameter, the ovules are quite large, having two 
walls & 


seeds in different specimens varies much. In a young 

M - - ■ - . ^ • 


enclosing a nucleus. Fig- 8 shows a cross section 
of a loculus with both ovules developing : the section is 
such that the ovules are cut near tin* upper part, exposing 
t ie nuclei ot the young seeds. The spongy center column 
orming the axis ot the lemon is a development from the in¬ 
folded margins of the leaf. The pulp clubs are derived 
rom t e leaf hairs, and first appear as blunt pro- 
trorn the back wall of the loculus. They gradually enlarge 
an e ongate until they fill up the space of the loculus ciow 
,n g a ou * the seeds and lving close upon one another. 

not structured united * ' 


but 


From all tins we see that everv part of the fnnt b' 1 ' 
ngin from somp nart i Q .,r ~ 


its 


origin from some part of the leaf. 

•„i u° S i section through a pistil shows a set of ribro-vas- 
cular bundles in a circle about half way between the cente 

ancl the perimeter. The bundles are of a complicated strud* 
t u ' e,n S divided by rows of small empty cells. J oW ‘ 

P^td only one circle of bundles <P 

nearer down another circle makes its app€ ar ® 

to rnni- he pe ? meter of the section. The inner circle see® 
AnothJ nUe * hrou §li the length of the pistil into the 
bundlpJ through a pistil shows very broad na 

radiiw nf a breadth of a bundle being about one-ha 

ran ms of the pistil. & 

in diam^^°- n i^ r ° U ^ u PP er en d of a lemon one-half ijd 

? lovvs tlle dbro-vascular bundles as narrow 


surrounded by regular row 


s of 


| bundles as narrow 

cells, the row next tne 
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center being filled with a granular substance (iig. 9). 
Around this row are one or two regular rows of thick-walled 
cells and others irregularly arranged. Near the perimeter 
of the section are the oil glands formed by regular rows of 


rather narrow, elongated, rectangular cells ; and about these 
are irregularly arranged cells. Next the perimeter the cells 
are small, but the size increases further inward to the fibro- 


vascular bundles, between which, and in the center column, 
the cells are smaller. 

A section through the same specimen at the beginning of 
the loculi shows some small fibro-vascular bundles surrounded 
by very small, empty, thin-walled cells. The bundles in the 
center column are broad and narrow, but further into the in¬ 
terior of the fruit they become rounded and smaller. The 
oil glands are well developed. 


Explanation of Pla i e XVI.—Fig. 1 . Cross section 01 mature lemon, 
'hewing halt flie section; a, yellow part of rind; b, white part of rind, -• 
loculus tilled with pulp; d, spongy center column; e, double wall of the 
loculi; f and g, fibro-vascular bundles. Fig 2. Cross section of young 
fruit 3.5 mm. in diana.; a, loculus; 6, ovule; c, center column; d, fibro- 
vascular bundle; e, oil gland; d / , fibro vascular bundles of rind; /, rind, 
Eig. 3. Cells of wall nf rmln ninb. Fig. 4. Cells containing juice in the 

midvein: 6, smaller veins; c, marginal 


^ i v, uu gianu , u t 

Cells of wall of pulp club. 

pulp clubs. Fig. 5. Leaf; 
vein; submargina i 


bundl 


' cin ; <r, submarginal vein. Fig. 6. Back of loculus; a, large fibro vas- 
1 bundle; 6, smaller bundles forming a network. Fig. o Side view 
0f locu,u s; a, a, curved fibro-vascular bundle; b, back of loculus; c, minute 
ca seen in side wall of loculus. Fig. 8. Loculus showing bot 
ovules developing, the section being such that the nuclei are exposed, u 
°culus; b 9 nucleus of seed ; e, inner wall about nucleus; c , outer wa 0 
>vule, (i y ovule. Fig 9. Section through upper end of lemon i in. in 
larn *; o, epidermis; b } cells about oil gland c; d f cells of rind , & ense 
enter of fibro-vascular bundle; /, cells about center. 

iC/tampaign, /II. 


EDITORIAL. 

The appearance of Dr. Merriam’s report of a biological survey of the 
Francisco mountain region of Arizona (noticed elsewhere in 
^bei) suggests a timely topic for botanists to consider. This sam 
P? prominently before the botanists of the American Ass*** 
t eir Indianapolis meeting, in considering the geographical . 

L^ in °* ^°rth American plants. The notion that a plant is only va ua 

it ig a new or rare species,and that it makes no special i eren . 
^ its exact locality, its soil conditions, or its altitude,is one thats ou 





